these signals specify regional identity? The early NE can be induced by somites in more anterior hindbrain, which does not normally express Hoxb4, showing that the somite signal is "instructive." However, more posterior somites can also activate the early NE in its normal territory, and they are even more potent than somites normally adjacent to this region. These experiments suggest that somites from different levels of the axis do not emit distinct instructive signals, but rather that there is a graded activity within the somite mesoderm (increasing towards the tail of the embryo), which is required for expression from the early NE enhancer ( Figure  1 ). These properties are reminiscent of the "transforming principle" suggested by Nieuwkoop. What is the molecular nature of the somite-derived signals? Retinoids can posteriorize the neural tube by ectopic activation of Hox genes (see above and Marshall et al., 1996) . Gould et al. (1998) provide evidence implicating retinoid synthesis in the somite-derived signal or the responses to it (Figure 1 ). First, retinoic acid can induce the early NE ectopically in vivo when applied to a more anterior region of the hindbrain, and second, disulphiram (an inhibitor of retinoid synthesis) abolishes the induction of the early NE by somites in culture. Retinoids can also act directly on the neural tube: the early NE contains a retinoic acid response element (RARE); point mutations in this element abolish all sites of expression, and replacement of this RARE by that of a more anteriorly expressed Hox gene (Hoxb1) shifts the expression boundary anteriorly. Using an heroic approach, they show that retinoic acid signaling is required signal may be a retinoid, if this requires a protein chaperone secreted by the somite, or if the retinoid must to the neural tube or have already been received by the be released very close to the neural tube by cell pro-10-somite stage and only require maturation. Indeed, it cesses that cannot pass through the filter. had already been shown that Hoxb4 protein itself actiWhat do we learn from these experiments? At first vates this enhancer, providing positive feedback regulaglance, they do appear to provide considerable direct tion (Gould et al., 1997) . By contrast, strong and stable support for Nieuwkoop's "activation/transformation" expression from the early NE is seen only when explants model of nervous system patterning. Somites produce are cut from 24-somite stage embryos. Therefore, some a signal, increasing in strength toward the tail of the character of the hindbrain must change, under the influembryo, and which is required for expression of Hoxb4 ence of neighboring structures, at some time before the driven by the early NE both in its normal domain and in 24-somite stage. more anterior regions of the hindbrain. But this paper From where do these signals emanate? The early NE also tells us that there is much more complexity in the does drive expression in long-term culture of hindbrain system of signals and responses that pattern the nerexplants cut from embryos as young as the 6-7 somite vous system than the three classical models lead us to stage, provided that neighboring somite tissue is inexpect. It provides a clear experimental demonstration, cluded, suggesting that somite-derived signals can actiusing a combination of transgenic mouse lines with experimental embryology in chick and mouse embryos, vate this enhancer (see also Itasaki et al., 1996) . Can that separate mechanisms exist to induce and maintain the expression of one specific gene that specifies positional address within the hindbrain. However, many of the important questions remain. For example, do the explants that do not express Hoxb4 have a more anterior character, none at all, or do they encode conflicting positional information? What mechanisms pattern the regions of the brain anterior to the hindbrain, where Hox genes are not expressed? If signals are graded, what mechanisms generate the sharp boundaries between rhombomeres and adjacent domains of gene expression? There are only 13 paralogous Hox gene groups, but many more functionally distinct regions within the length of the nervous system; where is the remaining information encoded, and what are the signals for this? As this paper demonstrates, a combination of classical experimental embryology with the dissection of enhancer elements represents a promising new avenue that may help finally to bridge the 300-year-old gap between genetics ("preformation") and epigenesis.
